This study was conducted to observe the fermentative quality and anthocyanin content in whole crop colored barley silage during storage periods and anthocyanin stability in in vitro ruminal fluid. Silages of colored barley cultivar "Boanchalbori" and normal barley cultivar "Yuyeonbori" were stored during 0, 2, 4, 6, and 12 months. The in vitro ruminal fluid was fermented for 0, 6, 12, 24, and 48 hrs. For the feed value, crude protein of colored barley silage was slightly increased in the silage compared to that of normal barley silage, and being increased up to 2 months after ensiling and thereafter maintained at the similar level. Neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents of both the barley significantly increased by prolonged storage of 2 months (p<0.05), but they were maintained at the constant level after 2 months of storing silage. Whereas TDN (total digestible nutrients) contents of them were decreased by the prolonged storage of 2 months (p<0.05), then maintained at the constant levels. The fermentative quality and pH values in both the barley silages were slightly decreased during the storage time. Lactic acid and acetic acid contents were increased during prolonged storage period, but not significantly different among treatments. Butyric acid was not detected. In the colored barley silage, pH value showed slightly lower compared to that of the normal barley silage but not significant, and lactic acid content was significantly higher than the normal barley silage (p<0.05). The total anthocyanin content in the whole crop colored barley silage decreased to 42% after 2 months of ensilage, however maintained at the constant level until 12 months of ensilage. In the case of anthocyanin stability on in vitro ruminal fluid digestion, the pH value of the ruminal fluid was slightly lower at 6, 12, 24, 48h incubation time and the content of anthocyanin was at similar levels. These results indicated that the colored barley showed higher fermentation quality, and total anthocyanin content was maintained stable at 42% level of the first value in storing silage. As the anthocyanin had higher stability in the ruminal fluid, the colored barley has a potential as functional feeds for Ruminants.
2001; Katsuzaki et al., 2003; Hyun and Chung 2004; Fimognari et al., 2005; Chen et al., 2006) . Due to the production of barley cultivation for whole crop silage in the winterseason rice field can be utilized as a promising way to enhance feed supply. Whole crop silage production can be an efficient way to use farm products as livestock feed and to increase farm income. Whole crop barley has been used as cattle feed in Korea, and a number of its cultivars are being used for silage (Park et al., 2008) . Recently, meat consumption pattern in Korea is changing in terms of qualitative well-being, which requires the physiologically active substances, such as anthocyanins, in feed.
Based on the domestic consumer's request and the effect of anthocyanins on livestock feed, we have studied colored barley with the aim of developing functional feed. Colored barley was developed as a food crop for human consumption, but its spikes and stems with a high content of anthocyanins were also suitable as a functional feed source for livestock (Song et al., 2012) . To make silage with colored barley, Changes of anthocyanin content and the fermentation quality are very important. In addition, study on the stability of anthocyanins in the rumen is also needed because the rumen has a unique structure and function. Therefore, in this report we investigated the changes in fermentative quality of silage and anthocyanin content in whole crop of colored barley during both ensilage and in vitro incubation with ruminal fluid.
. MATERIALS AND METHODS
Silage making and analysis
Boanchalbori (Hordeum valgare L.), a colored barley cultivar, and Yuyeonbori (Hordeum valgare L.), a normal barley cultivar, used in this study were developed at NICS, RDA, in Korea. The cultivars Boanchalbori and Yuyeonbori were harvested at the yellow ripe stage and cut into 2~3 cm long for making silage. The materials were prepared in a 15 L mini silo and then stored in a dark place at an ambient temperature (15~20 ) for 2, 4, 6, 12 month, respectively.
After ensiling, the crude protein (CP), neutral detergent fiber (NDF) and acid detergent fiber (ADF) were measured by the methods of AOAC (2000) and Van Soest et al. (1991) . Total digestible nutrients (TDN) was calculated using the formula TDN (%) = 88.9 (0.79×% ADF) (Holland, 1990) . For the pH and organic acid analysis, the 10 g samples of silage ware mixed with 90 ml pure water and extracted at 4°C in a shaking incubator for 24 hr. The extract which was passed through a syringe filter paper was used for pH and organic acid analyses. The pH and (Table 2) , which was preliminarily purged with CO2 gas (Marten and 
In vitro ruminant fermentation

Statistical analysis
The data of this experiment was subjected to SAS Ver. 9.1 program and statistically significant differences among means were determined using Duncan's multiple range testat 5% probability (SAS, 2002) .
. RESULTS AND DISCUSSION
Feed value of silage
Changes in the feed value of silage after ensiling were shown in 2. Fermentation quality of silage 
Anthocyanin content in silage fermentation
Changes in anthocyanin content of colored barley silage during ensiling period were shown in Fig. 1, 2 and Table 5 . In Fig. 1, total anthocyanin content of colored barley silage deceased after ensiling and it was significantly lower than the raw material for the whole period of ensiling (p<0.05). The total anthocyanin content in the whole crop colored barley silage decreased to 42% after 2 months of ensiling, but it maintained at a constant level until 12 months of ensiling. In case of anthocyanin compositions (Table 5) , cyaniding-3-glucoside (C3G) and malvidin-3-gluciside (M3G) contents were significantly decreased after 2 months of ensiling (p<0.05), but they were maintained at a constant level after 2 months of ensiling. Perlargonidin-3-glucoside (P3G) and delphinidin (Del) contents were maintained at similar levels, and cyaniding (Cya), pelargonidin (Pel), peonidin (Peo), and malvidin (Mal) contents were not detected from 2 months of ensiling. There were many factors affecting the stability of anthocyanin the factors, oxygen, light, high temperature, and high pH were associated with anthocyanin stability during ensiling period (Francis, 1989; Mazza and Miniati, 1993) . In this study, oxygen, light, and high temperature could not affect anthocyanin content during ensiling period because the silage kept in a mini silo was stored in a dark place at an ambient temperature. Cevallos-Casals and CisnerosZevallos (2004) reported that the pH affected anthocyanin stability in an extract form anthocyaninrich corn, and anthocyanin was degraded above pH 3. In this study, all silage was above pH 4.0 throughout the experiment, and therefore, decrease of anthocyanin content was attributed to the pH condition of the silage. Hosoda et al. , 1999; Passamonti et al., 2003) , anthocyanin was absorbed in the stomach and guts in the human and rats and then detected in the blood.
The rumen has a unique structure and function.
The digestion and absorption function in the abomasums and intestines of ruminants are analogous to the alimentary canal of monogastric animals (Dijkstra et al., 2005) . Therefore, it could be suggested that anthocyanin would have the potential to be used for ruminants as long as its composition is stable in the rumen.
Our results indicated that anthocyanin had no negative effect on silage fermentation, and its content was lowered down to 42% but maintained Miyazawa, T., Nakagawa, K., Kudo, M., Muraishi, K.
and Someya, K. 1999. Direct intestinal absorption of
